The burden of living with an undiagnosed condition is high and includes physical and emotional suffering, frustrations, and uncertainty. For patients and families experiencing these stressors, higher levels of empowerment may be associated with better outcomes. Thus, it is important to understand the experiences of patients with undiagnosed conditions and their families affected by undiagnosed conditions in order to identify strategies for fostering empowerment. In this study, we used the Genetic Counseling Outcome Scale (GCOS-24) to assess levels of empowerment and support group participation in 35 adult participants and 67 parents of child participants in the Undiagnosed Diseases Network (UDN) prior to their UDN in-person evaluation. Our results revealed significantly lower empowerment scores on the GCOS-24 in adult participants compared to parents of child participants [t(100) = − 3.01, p = 0.003, average difference = − 11.12, 95% CI (− 3.78, − 18.46)] and no significant association between support group participation and empowerment scores. The majority of participants (84.3%, 86/102) are not currently participating in any support groups, and participation rates were not significantly different for adult participants and parents of child participants (11.4 vs. 19.7%, respectively, FE p = 0.40). Open-ended responses provided additional insight into support group participation, the challenges of living with undiagnosed conditions, and positive coping strategies. Future research will evaluate the extent to which empowerment scores change as participation in the UDN unfolds.
Introduction
Rare diseases, when considered as a group, affect 25-30 million individuals in the US population (National Institutes of Health 2017), and more than half of those with rare diseases are children (EURORDIS 2018) . Although roughly 80% of undiagnosed conditions are believed to be genetic in origin (Chong et al. 2015) , for many patients and families, an underlying genetic cause is not found. As a result, too often, patients and families find themselves continuing on the diagnostic odyssey searching for answers (Molster et al. 2016; Zurynski et al. 2017) .
The Undiagnosed Diseases Network (UDN; https:// undiagnosed.hms.harvard.edu/) is a clinical research endeavor with the goal of ending the diagnostic odyssey for patients and families by identifying the underlying etiology of undiagnosed conditions. Participation in the UDN involves extensive phenotyping during a 1-5-day in-person evaluation at a participating UDN clinical site by a multidisciplinary team including clinical geneticists and genetic counselors during which biospecimen samples are taken and clinical tests are conducted; next-generation sequencing for most participants; and follow-up research, such as functional gene variant analyses (Gahl et al. 2015; Ramoni et al. 2017 (Harvard Medical School) . In the UDN context, participants receive genetic counseling during the informed consent process to discuss the genetic testing options and possible results and during the in-person evaluation to discuss the available findings. All participants have the opportunity to ask questions and discuss clinical genetic testing that was done prior to their admission to the UDN. Some participants receive genetic counseling in the context of a diagnosis during the initial in-person evaluation, while for others, a diagnosis and updated genetic counseling may not occur until months or years after the in-person evaluation. Additional genetic counseling may occur after the end of the in-person evaluation based on the need of the participant and their families. The UDN provides an ideal venue to study the experience of living with an undiagnosed condition.
A recent study of applicants to the UDN provides some initial insight into the experiences of these patients and families (Spillmann et al. 2017) . As part of the application process at the Duke clinical site, adult patients and parents of patients incapable of providing consent, including parents of children, were asked to include a written narrative describing their or their child's medical history from their perspective. Analysis of 20 adult patient and 20 parent narratives found that consistent with other studies (Lewis et al. 2010; Madeo et al. 2012; Yanes et al. 2017; Zurynski et al. 2017) , that the burden of living with an undiagnosed condition is high and includes physical and emotional suffering, frustrations, and much uncertainty.
Despite the commonalities between the narratives of adult patients and those of parents, there were also notable differences. This is a significant finding because, while there is some literature on parents' experiences with undiagnosed conditions, there is a dearth of information on the experiences of adults with undiagnosed conditions. Spillmann and colleagues found that while both adult patients and parents were hopeful that the UDN experience would lead to a diagnosis, their thoughts about the impact of having a diagnosis differed. For the majority of adult patients, having a diagnosis meant being able to explore treatment options so that they could resume the lives they had led prior to onset of illness. For parents, however, having a diagnosis meant reducing uncertainty about what the future may hold and gaining information to improve management and quality of life for their children, consistent with previous research (Lewis et al. 2010; Zurynski et al. 2017) . Both groups also noted frustration with medical providers, but for different reasons. For adult patients, this frustration often stemmed from the need to validate symptoms in light of nondiagnostic testing, while for parents it was caused by a concern that evidence crucial to making a diagnosis was being overlooked. Both parents and adult patients felt that they had exhausted all other diagnostic options. Similar to Lewis et al. (2010) , parents also described the complexity of care required by their child and their role as an advocate to improve their child's quality of life, even in the absence of a cure. While some parents expressed helplessness and distress at being unable to improve their child's outcome, the majority emphasized their child's positive attributes. Focusing Bon the positive^has been observed in other studies of parents with a child with an undiagnosed condition as well (Lewis et al. 2010) .
These narratives revealed how valuable and, in some cases, emotional it was for parents and adult patients to Btell their story,^suggesting that patients and families with undiagnosed conditions lack a support system or network of Bsimilar others.^The findings that adult patients and parents experience undiagnosed conditions differently demonstrates the need to further understand and address the psychological impact of undiagnosed conditions in these groups in order to provide optimal support. Patient empowerment is a key strategy to provide patients and parents with support. Empowerment is a process involving acquisition of knowledge and skills, utilization of resources, and involvement with similar others with the goal of enhancing outcomes and developing positive coping strategies (McConkie-Rosell and Sullivan 1999) . Importantly, these are components in which medical providers can have a direct hand. Empirical data suggest that empowerment can improve cost-effective use of health services (Wallerstein 2006) and may lead to more informed decisions and positive outcomes for patients and families (McAllister et al. 2008) .
Patient empowerment, as a process and as an outcome, has been studied in patients with chronic conditions (Bolen et al. 2014; Chen et al. 2013; Schmidt et al. 2015) and, more recently, in patients seeking genetic services (Diness et al. 2017; Inglis et al. 2015; McAllister 2016; McAllister et al. 2011) . Since the majority of genetic conditions do not yet have treatment, studying patient empowerment in this cohort can provide insight into how the delivery of care itself influences empowerment.
There is some evidence that obtaining clinical genetics services increases patients' sense of empowerment. Patient empowerment 2-4 weeks after an evaluation in a genetics clinic in the UK was higher than prior to the evaluation in a sample of patients with a variety of conditions, including those seeking a diagnosis (McAllister et al. 2011) . In this study, levels of empowerment were not associated with type of condition, age, gender, ethnicity, or reason for referral. However, support group participation was associated with greater empowerment, highlighting the importance of providing this resource. In another study, increased empowerment 1-month post-psychiatric genetic counseling, a setting in which providers do not typically provide etiologic diagnoses, was also observed (Inglis et al. 2015) . The results of these studies that include individuals with conditions that remained undiagnosed support the fact that there are components to the process of delivering care, distinct from identifying an underlying etiology, that are important for enhancing patient empowerment. Moreover, Inglis et al. (2015) found that individuals with and without a personal history of mental illness experienced increased empowerment, supporting the fact that there are benefits of the counseling process for individuals with and without disease.
These studies suggest that factors that contribute positively, or negatively, to patient and parent empowerment can be identified. Given the differences observed between adult patients and parents by Spillmann et al. (2017) , evaluating these two groups individually may provide insights to guide interventions specific to each group. The UDN offers a unique opportunity to follow participants and parents going through a comprehensive clinical and research evaluation and to assess how, and to what extent, participants and parents become empowered by their experiences in the Network. In order to understand how the in-person evaluation may impact empowerment, it is critical to examine and understand the experience of this population at the beginning of their participation and to gain insight into baseline levels of empowerment, which can then be compared to empowerment levels after the evaluation. Thus, the purpose of our study was twofold: (1) to provide a description of UDN participant and parent levels of empowerment and support group participation prior to the UDN inperson evaluation and (2) to identify covariates of baseline empowerment in our UDN sample.
Methods

Study Design
The larger UDN empowerment study is a prospective longitudinal study of adult participant and parent empowerment with three assessment time points. The first assessment (T1) occurs after enrollment into the UDN and prior to the inperson evaluation; the second (T2) and third (T3) assessments occur 1 month and 1 year, respectively, after completion of the in-person evaluation. For this study of empowerment at baseline, we focus on T1 surveys completed between August 2016 and March 2017. The central Institutional Review Board (IRB) for the UDN, which is at the National Human Genome Research Institute (NHGRI), approved the study protocol.
Participants
The study took place at four UDN clinical sites: Duke, Harvard, UCLA, and Vanderbilt. Adult UDN participants capable of providing consent and parents of UDN participants incapable of providing consent (i.e., minors, adults without capacity to consent) were invited to participate in the study. Non-English-using participants and biologically unrelated caregivers were excluded.
Measures
The Genetic Counseling Outcome Scale (GCOS-24) was used to measure empowerment (McAllister et al. 2011 ). This patient-reported outcomes measure designed for clinical genetics services defines empowerment as the belief that one: (1) can make important life decisions in an informed way (decisional control);
(2) has sufficient information about the condition, including risks to oneself and one's relatives, and any treatment, prevention, and support available (cognitive control); (3) can make effective use of the health and social care systems for the benefit of the whole family (behavioral control); (4) can manage one's feelings about having a genetic condition in the family (emotional regulation); and (5) can look to the future having hope for a fulfilling family life, for oneself, one's family, and/or one's future descendants (hope). The GCOS-24 has been validated in a clinical genetics population (n = 395) that included undiagnosed patients; has excellent internal consistency (Cronbach's alpha = 0.87), test-retest reliability (r = 0.86), and convergent and divergent validities; and shows sensitivity to change over time with a medium-tolarge effect size (McAllister et al. 2011) . This measure has also been used to assess empowerment as an outcome of psychiatric genetic counseling (Inglis et al. 2015) . Each of the 24 items in the measure is rated on a 7-point Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree) with possible total scores ranging from 24 to 168. Higher scores indicate higher levels of empowerment.
We conducted a pilot study of this empowerment measure with 21 UDN participants, which demonstrated similar performance metrics as those described by McAllister et al. (2011) . Based on pilot study feedback, the instructions were modified slightly to include the following: BClinical genetics service refers to the UDN clinical visit. Condition refers to the reason you or your child is being evaluated in the UDN.F or the final survey, an additional question was asked in multiple choice format to ascertain participation in support groups, and those who reported participation were asked to describe the group(s) in a free-response format. Participants were also encouraged to provide comments at the end of the survey. Demographic and family history information, including primary symptom category, was obtained from the data collected for the broader UDN protocol.
Procedures
After enrollment and prior to the start of the UDN in-person evaluation, participants received an invitation email that contained a link to the T1 survey. When necessary, a paper and pencil version of the survey was made available in-person or by mail. During the consenting process for enrollment in the UDN, participants were informed about completing surveys; however, survey completion was voluntary and did not affect UDN participation.
Data Analysis
As described by McAllister et al. (2011) , relevant GCOS-24 items were reverse coded, and an overall empowerment score was calculated as the sum of the 24-item scores. Per the recommended procedure, missing data were filled in using simple imputation for surveys with greater than 75% completion (Inglis et al. 2015; McAllister et al. 2011) in order to compute a total empowerment score.
Pearson's correlation and Fisher's exact test were performed to evaluate association between quantitative or categorical variables, respectively. T tests were performed to compare group differences on quantitative variables. To explore participant group differences on individual GCOS-24 items, responses to each item were collapsed into three categories [disagree (containing strongly disagree, disagree, and slightly disagree responses), neutral, and agree (containing strongly agree, agree, slightly agree responses)] and assessed using Fisher's exact test; imputed data were excluded from these analyses. Statistical significance was set at p < 0.05. No correction for multiple testing was used.
Free responses of the comments section were systematically analyzed using conventional content analysis with Atlas Ti (version 7; http://atlasti.com/). Content analysis allows for coding and categorization of the emerging themes without the use of theory (Hsieh and Shannon 2005; Satu et al. 2014) . Initial coding was done by AMR. Once coding was complete, data were organized into the emerging themes and then reviewed by AMR and CP. Respondents were specifically asked if they belonged to support group(s) and, if so, to name it. These responses were then classified based on the type of support group.
Results
Demographic Characteristics
A total of 183 T1 surveys were distributed and 71% (130/183) were completed by participants prior to their UDN in-person evaluation from August 15th, 2016, to March 31st, 2017 (Duke: n = 34, Harvard: n = 31, UCLA: n = 31, Vanderbilt: n = 34). Among the remaining 53 participants who did not complete the survey, 12 were considered nonresponders because their in-person evaluations occurred before the analysis cutoff date, and 41 were considered to have pending surveys because their in-person evaluation was scheduled to occur after the analysis cutoff date.
Of the 130 surveys received, 27% (35/130) were completed by adult participants, 28% (36/130) were completed by mothers of participants, and 4% (5/130) were completed by fathers of participants. The remaining 54 surveys were completed by 27 mother-father dyads. Less than 1% of the GCOS-24 items were missing responses (25 out of 3120 item responses) with no single respondent missing more than 5 items. For those surveys with item responses missing (11%, 14/130), data were imputed. Internal consistency of the GCOS-24 items was assessed on 116 surveys with complete data, and the resulting Cronbach's alpha of 0.84 was consistent with other studies using this measure (Inglis et al. 2015; McAllister et al. 2011) .
In the 27 cases in which both parents filled out surveys, we found that the mother-father dyad empowerment scores were significantly correlated (r = 0.58, 95% CI 0.25, 0.78). Thus, in order to satisfy the assumption of independent observations underlying the t test, one parent was randomly excluded from each of the dyads for subsequent analysis. There also was one instance where both an adult female participant and her husband completed a survey. In this case, we retained only the adult participant's survey for analysis to eliminate potential response dependency. This resulted in a final sample size of 102 respondents with a fairly even distribution across the four clinical sites (Duke: n = 25, Harvard: n = 26, UCLA: n = 23, Vanderbilt: n = 28).
Demographic characteristics of participants with an undiagnosed condition (adults and those incapable of providing consent) are presented in Table 1 . The 35 adult participants are composed of 22 females and 13 males (mean age = 43.2 years, SD 15.8), and the 67 participants incapable of providing consent are composed of 32 females and 35 males (mean age = 9.3 years, SD 7.5). The primary race of the UDN participant was reported as Caucasian (88.2%, 90/102), with 96.1% (98/102) of UDN adult and child participants identifying as non-Hispanic. The predominant symptom category of the UDN participants was neurology (48.0%, 49/102).
Demographic characteristics of the parents of children with an undiagnosed condition are also presented in Table 1 . For parent respondents, the mean age was 41.2 years (SD 8.5), and 4.5% (3/67) reported being affected. Five parents of adult participants incapable of consent completed the surveys and these responses are included in the parent sample.
For adult participant respondents, 42% (15/30) reported having children, 42% (15/30) reported not having children, and no information was available for the remaining five adult participants. Adult participants with children were significantly older (mean age = 47.5 years, SD 14.5) than those without children (mean age = 36.6 years, SD 12.4) [t(28) = − 2.23, p = 0.03]. Adult participants were less likely to fall into the Bneurology^symptom category than children/participants incapable of providing consent (FE p = 0.02).
Empowerment
The average score on the GCOS-24 measure was 112.66 (SD 18.42, min 69, max 156) . Scores were significantly lower for adult participants (mean = 105.4, SD 16.94) than for parents (mean = 116.5, SD 18.1) [t(100) = − 3.01, p = 0.003, average difference = − 11.12, 95% CI (− 3.78, − 18.46)]. To further evaluate this apparent distinction between adult participants and parents, we compared the baseline GCOS-24 scores from our respondents to scores obtained from adults with a psychiatric illness of unknown etiology prior to genetic counseling (n = 45, mean = 109.20, SD 14.7) (Inglis et al. 2015) . There was no significant difference between the UDN adult participants and adults with a psychiatric illness [t(67) = 1.08, p = 0.28, average difference = 3.89, 95% CI (− 3.31, 11.09)]; however, the adults with a psychiatric illness had significantly lower scores than our UDN parents [t(105) = − 2.32, p = 0.02, average difference = − 7.21, 95% CI (− 13.38, − 1.04)].
Because five items ask specifically about (future) children, we assessed if the score difference was an artifact produced by responses of adult participants without children. To evaluate this, responses from these five items were excluded and new scores were calculated for all respondents. Scores remained significantly lower for adult participants (mean = 81.6, SD 14.65) than for parents (mean = 90.87, SD 15.4) [t(100) = − 2.93, p = 0.004; average difference = − 9.27, 95% CI (− 3.0, − 15.54)].
Empowerment scores were not associated with respondent gender [t(98) = 0.93, p = 0.35], support group participation [t(94) = − 0.11, p = 0.91], age [r = − 0.04, p = 0.72], or the primary symptom category of the UDN participant [t(100) = 0.71, p = 0.48]. In addition, in a separate analysis of parents, their scores were not associated with parental status (mother/ father) [t(66) = 0.15, p = 0.88], their child's age [r = − 0.07, p = 0.58], child's gender [t(65) = − 1.37, p = 0.18], or child's race (Caucasian/other) [t(65) = 0.85, p = 0.40].
The response distribution for each item on the GCOS-24 was compared between adult participants and parents to gain further insight into group differences. Table 2 lists the GCOS-24 items in descending order of percent agreement for the adult participants and identifies the items for which there are significant differences in response distribution between the two groups. Examination of specific items on the empowerment measure revealed that nearly all participants and parents understood why they were referred to the UDN for evaluation. In addition, the majority of respondents felt that they could explain what the condition meant to their family and others, could cope with having the condition in the family, felt positive about the future, could make plans and decisions, and understand the impact of the condition on (future) children. However, more than half of respondents also felt that the condition was upsetting and that they experience uncertainty about other family members having the condition.
Group differences were also observed. Compared to adult participants, parents were more likely to report agreement on BI am hopeful that my children can look forward to a rewarding family life^(p = 0.0001), BI know how to get the nonmedical help I/my family needs (e.g. educational, financial, social support)^(p = 0.047), and BI can see that good things have come from having this condition in my family^(p = 0.006). Compared to adult participants, parents were more likely to disagree with BI don't know what could be gained from each of the options available to me^(p = 0.026). Parents were less likely to report a neutral response and more likely to disagree with the statement BI feel guilty because I (might have) passed this condition on to my children^(p = 0.003).
Support Group Participation
The majority of respondents indicated that they do not participate in any support groups (84.3%, 86/102). In addition, the rates of participation were not significantly different for adult participants and parents of child participants (11.4 vs. 19.7%, respectively, FE p = 0.40) (Table 1) .
A total of 33 support groups were described by the 16 respondents (4 adult participants, 12 parents) who reported support group participation. Coding of these groups suggests six categories of support groups: general, special needs, symptom focus, specific disease, rare disease, and undiagnosed disease ( Table 3 ). The categories with the largest number of support groups identified were special needs (24%, 8/33) and Rheumatology, n (%) 7 (6.9) 4 (11.4) 3 (4.5) Allergies, n (%) 6 (6.0) 4 (11.4) 2 (3.0) Cardiology, n (%) 6 (6.0) 4 (11.4) 2 (3.0) Musculoskeletal, n (%) 6 (6.0) 2 (5.7) 4 (6.0) Gastroenterology, n (%) 5 (4.9) 0 (0) 5 (7.5) N/A, n (%) 4 (3.9) 3 (8.6) 1 (1.5) Endocrinology, n (%) 3 (2.9) 0 (0) 2 (3.0)
Ophthalmology, n (%) 1 (0.98) 1 (2.9) 0 (0) Pulmonology, n (%) 1 (0.98) 1 (2.9) rare disease (24%, 8/33), followed by general (21.1%, 7/33), symptom focus (18.2%, 6/33), specific disease (6%, 2/33) and undiagnosed disease (6%, 2/33). Only two respondents, both parents, reported participating in support groups in the rare disease category. Parental participation is reflected in all six support group categories, while adult participation is reflected in four of the support group categories. It was not unusual for respondents to participate in more than one support group (100%, 4/4 adults; 33.3%, 4/12 parents) and more than one category of support group (75%, 3/4 adults; 33.3%, 4/12 parents). A higher percentage of adult participants were involved in BGeneral Support^groups than parents (75 vs. 16.7%, respectively) and a higher percentage of parents, particularly mothers, were involved in the Bspecial needs^groups than adult participants (50 vs. 0%, respectively). Only two respondents (12.5%) reported participation in groups designed for individuals impacted by undiagnosed conditions.
Participant Comments
Twenty-seven participants (26.5%), comprised of 11 adult participants (31.4%, 11/35) and 16 parents (23.9%, 16/67), provided comments at the end of the survey. Adult participants were not significantly more likely to provide responses than the parents (FE p = 0.48). Responses were categorized into five themes, with representation from adult participants and parents in all themes. Two themes involved the UDN itself: BReasons for applying to the UDN^and BUDN program/process.^These comments generally reflected hope for the end of the diagnostic odyssey and appreciation for a program dedicated to individuals with undiagnosed conditions. Two themes captured emotional states brought on by living with an undiagnosed condition, such as feelings of uncertainty, and evidence of positive coping. These themes were labeled Bchallenges living undiagnosed^and Bpositive coping strategy.^A fifth theme, labeled Bexplaining survey responses,^reflected participants' comments about why they did or did not respond to a survey item in a certain way. Table 4 provides illustrative comments for each category.
Discussion
The purpose of this study was to investigate UDN participant and parent empowerment prior to the UDN in-person evaluation in order to better understand baseline levels of empowerment in this population. Using the GCOS-24 measure (McAllister et al. 2011), we found that adults have significantly lower empowerment levels than parents of children with undiagnosed conditions. Although these groups differed in the proportion of participants affected with primarily neurological symptoms, there was no evidence that empowerment scores were explained by primary symptom category or other demographic variables, including respondent and child age and gender. Overall, these results are consistent with the findings of Spillmann et al. (2017) and provide further evidence that the experience of living with an undiagnosed condition differs between adult patients and parents of patients.
In our sample, the average GCOS-24 empowerment score was 112.67 (SD 18.33) , with a parental average score of 116.5 (SD 18.1) and an adult average score of 105.4 (SD 16.94) . In a study of 61 individuals with suspected genetic conditions (cancer, intellectual disability/cytogenetics, eye disorders, other) referred for a genetics consultation in Denmark, the average GCOS-24 empowerment score was 120.8 (SD 15.1) prior to consultation (Diness et al. 2017) . In a study of individuals referred to one of five clinical genetics services in the UK (sample sizes ranging from 42 to 74), the average GCOS-24 empowerment scores ranged from 104 to 121 (SD 8.9-25.8) across the five centers (McAllister 2016) . Finally, in a sample of 45 adults in Canada with a personal history of psychiatric illness for which the etiology is unknown, the average GCOS-24 score prior to genetic counseling was 109.29 (SD 14.7) (Inglis et al. 2015) . Of note, we found that empowerment levels of the adults with a psychiatric illness are similar to levels of UDN adult participants and significantly lower than those of UDN parents, further bolstering the evidence that the experience of living with an undiagnosed condition differs between adult patients and parents. In light of our finding of the importance of distinguishing between adult patients and parents of a child, we did not compare GCOS-24 scores with the other two previous studies (Diness et al. 2017; McAllister 2016) because insufficient information about those patient samples limited our ability to interpret the results. However, overall, it does appear that the empowerment levels of our overall UDN cohort fall within the range reported in studies of patients/families with a variety of conditions referred for genetic evaluation or genetic counseling.
Responses to specific items on the empowerment measure revealed that nearly all participants and parents understood why they were referred to the UDN for evaluation. In addition, the majority of respondents felt that they could explain what the condition meant to their family and others, could cope with having the condition in the family, felt positive about the future, could make plans and decisions, and understand the impact of the condition on (future) children. The ability to cope, make plans, and feel positive about the future in our sample are consistent with a recent report of the psychosocial profile of parents of a child with an undiagnosed condition at the Duke UDN Clinical Site in which parents were found to have high coping self-efficacy, engagement in their child's healthcare, and tolerance for uncertainty (McConkie-Rosell et al. 2018) . Additional research in adults with an undiagnosed condition is needed to ascertain if they have a similar psychosocial profile.
More than half of our respondents also felt that the condition was upsetting and that they experience uncertainty about other family members having the condition. This finding is consistent with the suffering, frustration, and uncertainty described in the narratives of patients applying to the UDN (Spillmann et al. 2017 ) and the finding that more than a third of parents of a child with an undiagnosed condition participating at the Duke UDN Clinical Site meet criteria for mild to moderate depression or anxiety (McConkie-Rosell et al. 2018) . The partial overlap of participants across these studies offers a more comprehensive picture of the challenges associated with undiagnosed conditions, particularly for parents. These results suggest possible sites of intervention to address these concerns.
Item responses also revealed differences between adult participants and parents. Not only were the majority of parents more hopeful for their child's future compared to adult participants, parents were also significantly more likely to report knowing how to get nonmedical help and what can be gained from available options. These findings suggest several possibilities, including that more support may be available for parents of children with medical issues, that parents are more able to access support than adult participants because the adults do not feel well, or, extrapolating from the work of Spillmann et al. (2017) , that adults with undiagnosed conditions are concerned about having to continue validating their illness if they try to reach out for additional help. Parents were also significantly more likely to report seeing good things come from having the condition in the family and feeling a sense of control over how the condition affects the family, aspects that may be associated with better coping and adaptation (Madeo et al. 2012) . Overall, these differences suggest that, compared to adult participants' levels of empowerment related to the potential genetic aspects and chronic issues of their own condition, parents enter the UDN process with increased levels of empowerment related to these aspects of their child's condition across a variety of the domains, including hope, emotional regulation, and cognitive and behavioral control. In our sample, 15.7% (16/102) of respondents reported support group involvement, with adult participants and parents (primarily mothers) equally likely to be involved. This rate is lower than the 53.5% (299/620) of adults with a rare disease diagnosis in Australia who reported using a support group in the last 12 months (Molster et al. 2016) , and suggests that lack of a diagnosis may hinder support group participation. Also of note, in our sample, there was no evidence of an association between empowerment levels and support group participation, contrary to previous studies (Bartlett and Coulson 2011; McAllister et al. 2011) .
The goals of support groups include helping people cope with their disease, facilitating social interactions and networking, and encouraging group advocacy (Finlayson and Cho 2011) . At their essence, support groups provide an avenue for personal contact with other individuals who have gone through a similar experience. One possible explanation for the lack of association between support group participation and empowerment in our UDN sample is that groups available to patients and families with undiagnosed conditions cannot meet the need for a shared experience. A study of the impact of online support groups on empowerment processes and outcomes in individuals with chronic disease found that the most common empowerment process was associating and finding similarities with another support group member (Bartlett and Coulson 2011) . The ability to find commonalities with other members was associated with a number of empowerment outcomes, including feeling better informed, more confident in the physician and treatment, more acceptance of illness, and more optimism and hope for the future. By virtue of being affected with an undiagnosed condition, patients and families may have difficulty identifying support groups that offer a similar shared experience. The ability to find commonalities often ends with the sharing of the search for a diagnosis and the experience of frustration of the diagnostic odyssey. As a result, empowerment processes may be inhibited. In our study, one respondent specifically commented on the challenge of finding a support group relevant to the needs of someone with an undiagnosed condition-a challenge that has been previously noted (Lewis et al. 2010) .
Regardless of the challenges, for some UDN participants and family members, the desire to find individuals with similar experiences is strong, evident by reported support group involvement. These support groups fell into six categories: Bgeneral,^Bspecial needs,^Bsymptom focus,^Bspecific disease,^Brare disease,^and Bundiagnosed disease.^The categories with the greatest participation included Bspecial needs^and Brare disease^, although only two participants listed participation in the Brare disease^category. While more adults participated in Bgeneral^support groups than parents and more parents participated in Bspecial needs^support groups than adults, overall adult and parental participation was reflected in all or most of the support group categories. These results suggest that no single support group or support group category completely addresses the needs of individuals and families impacted by undiagnosed conditions. In fact, among the categories of support groups identified by our UDN participants and parents, support groups for undiagnosed conditions were the least frequently cited, suggesting a need for groups for individuals impacted by undiagnosed conditions. In order to address this and other needs of those affected by undiagnosed conditions, the UDN recently created a group of participants, called the Participant Engagement and Empowerment Resource (PEER). Future research is needed to evaluate the impact of PEER on empowerment levels of adult patients and parents participating in the UDN. Assessment of open-ended comments at the end of the survey provided additional insight into our cohort. Comments in the two UDN-related themes generally reflected hope for the end of the diagnostic odyssey and appreciation for a program dedicated to individuals with undiagnosed conditions. Because investigation of rare and undiagnosed conditions requires multidisciplinary teams involving clinicians, genetic counselors, and basic researchers, the UDN-related themes highlight the importance, from the patient point of view, of developing programs and strategies that bridge the clinical research gap to advance patient care. Two other themes captured emotional states brought on by living with an undiagnosed condition, like feelings of uncertainty, and evidence of positive coping. Findings of hope and positive coping were also observed in the set of narratives written by UDN applicants or parents on behalf of a child (Spillmann et al. 2017 ) and as part of a psychosocial profile of parents of a child with an undiagnosed disorder (McConkie-Rosell et al. 2018 ).
Limitations
Patient empowerment provides one useful strategy for conceptualizing and measuring outcomes of evaluation in an undiagnosed disease clinic setting. However, in the open-ended survey responses, some participants noted that it was challenging to respond to GCOS-24 items related to children for individuals without children and items related to Bconditionf or those of whom Bcondition^implies Bdiagnosis.F urthermore, the GCOS-24 operationalization of patient empowerment may not fully capture all of the important aspects of living with an undiagnosed condition, or all of the outcomes from evaluation in an undiagnosed disease clinic setting. Future research could address if there are better measures of patient empowerment for this population. We, however, found that the GCOS-24 measure had excellent internal consistency, high completion rates, and scores that fall within a range of three other studies using this measure in populations that included individuals with potential genetic conditions, suggesting that the GCOS-24 performs reasonably well in a population impacted by undiagnosed conditions. This study sample is composed of adults and parents who applied to the UDN, which takes time and effort. As a result, our findings may not generalize to all individuals and families impacted by undiagnosed conditions. In addition, because our participants completed the survey after consent involving considerable interaction with UDN staff, usually a genetic counselor, it is possible that their baseline empowerment scores are higher than if they had completed the survey prior to any interaction with the UDN team. As a result, effect sizes for changes in empowerment later in the UDN process may be weakened. We also did not correct for multiple testing when we examined each of the GCOS-24 items for participant group differences because it is difficult to know how best to do this when the items of a scale are not independent. Additional research with larger samples can provide further insight into the robustness of these group differences. Finally, the sample is composed primarily of Caucasian individuals, and so generalizability to other groups should be done with caution.
Implications for Genetic Counseling
Our results indicate that adult patients and parents have different experiences living with undiagnosed conditions. This understanding can be applied when establishing rapport and identifying needs as part of genetic counseling practice, whether counseling patients with undiagnosed conditions within a regular clinical genetics service or within an undiagnosed disease clinic setting. This work also revealed that a small percentage of patients and parents affected by undiagnosed conditions participate in support groups and that, for the most part, these support groups do not specifically serve the undiagnosed. As genetic counseling involves providing resources for patients, genetic counselors can consider taking a proactive role in developing support groups or other methods for supporting patients and families affected by undiagnosed conditions.
Future Research
Given the evidence of increased empowerment several weeks after genetic counseling and evaluation (Inglis et al. 2015; McAllister et al. 2011) , we hypothesize that adult patients and parents will experience increased empowerment following the UDN in-person evaluation, which will need to be assessed. Future research on support group participation is also warranted. Given the small number of individuals reporting participation in support groups in this study, replication of this finding in a larger sample is essential. We did not ascertain whether or not participants wanted to be part of a support group. However, parents of a child with a rare disease have been repeatedly shown to identify access to a support group as an important means of support (Pelentsov et al. 2015) . Hence, research is also needed to explore reasons why participants and parents of children with undiagnosed conditions participate or not in a support group. Since support group participation has been shown to increase levels of empowerment in other studies, examining the role of support groups or other resources specific to patients and families affected by undiagnosed conditions would be beneficial. In addition, the impact of different resources and strategies on adult patient and parent levels of empowerment should be measured.
Conclusion
This study demonstrated that, prior to the UDN in-person evaluation, parents of children with undiagnosed conditions have higher levels of empowerment related to potential genetic and chronic aspects of a condition than adult participants. Our findings suggest a need for support group resources specifically designed for patients and families impacted by undiagnosed conditions, tailored differently for adult patients and parents. Future research is needed to determine if there are specific factors that influence empowerment during UDN participation and, if these factors are identified, developing targeted approaches in the UDN protocol to increase empowerment. Ideally, this work will provide a foundation for improving levels of empowerment, determining the extent to which patient/family empowerment influences downstream outcomes, and developing protocols for enhancing patient empowerment in clinics devoted to individuals with undiagnosed conditions nationally and worldwide.
